from the UFX were saved as 16-bit WAV files with a 48 kHz sample rate using passive acoustic monitoring software 68 PAMGuard (www.pamguard.org, Gillespie et al 2008). PAMGuard also generated real-time spectrograms, while 69 RME TotalMix software allowed the incoming audio to be monitored aurally. 
77

Acoustic localization 78
Analysis of the directionality of sound sources largely followed methods described by McDonald (2004) and 79 Gedamke and Robinson (2010) . This involved saving audio clips of sound sources (eg units of whale calls) and 80 performing a series of signal processing steps on these clips via a suite of Matlab scripts (version 7.0.4; The measurement of a compass correction for each sonobuoy as described below. The final output of the signal 83 processing was a true bearing from the sonobuoy to the sound source of interest.
84
Direction of whale calls 85
Audio clips of blue whale calls were saved separately from the raw audio stream for further processing in order to 
98
The spectrogram and the ambiguity surface plot were plotted side-by-side with identical frequency scales, allowing 99 the operator to select the bearing that most clearly represented the signal of interest from the ambiguity surface 100 plot. Typically this corresponded to the frequency bin of the sound source that contained the highest signal-to-101 noise ratio, rather than simply the peak energy. Care was taken by the operator to avoid frequency bins that also error in the magnetic compass of the sonobuoy and the local magnetic variation. Vessel speed during these 118 measurements was typically around 10 knots.
Tracking and targeting 120
The bearing to whale calls was plotted on an electronic chart along with the position of the ship and deployment 121 location of the sonobuoy. Groups of bearings that appeared to come from the same direction and had regular 122 repetition rates were tracked as a group of whales that were then given a unique designation. On the return transit 123 the ship targeted these groups of whales, diverting towards the whales and deploying additional sonobuoys as 
126
In order to present a more accessible summary plot of the directional information from all sonobuoys, kernel 127 smoothing (Wand and Jones 1995) was applied to all the bearings to whale vocalizations for each sonobuoy to 128 yield a continuous bearing density function (BDF). Peaks in the BDF that were greater than a threshold value were 129 selected as representative of a target group. The threshold value was computed per sonobuoy as 1/ 2 where 130 represents the nominal angular precision of bearings from the sonobuoy, and n was the total number of bearings 131 obtained at that sonobuoy. The value of was set to 10° for all sonobuoys.
132
Analysis of calls and comparison with historic recordings 133
Only call units that were clearly discernible above the background noise and had no obvious sources of masking 
294
Analysis of calls and comparison with historic recordings 295
Visual inspection of the spectrograms of calls with high signal-to-noise ratio reveals that these sounds appear, at 296 least qualitatively, to be the same call-types as Kibblewhite et al (1967) 
332
CONCLUSIONS 333
We have confirmed the hypothesis that the unique series of pulsed and tonal sounds described by Kibblewhite et 
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